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ABSTRACT 


This report provides a generic overview of USAF process 
heat applications and compares those applications to solar thermal 
technologies for evaluation. The first step was to assess the 
existing USAF data base to determine its usefulness for the 
problem at hand. The documentary data was augumented by visits 
to six USAF bases. Process heat applications at the bases 
were characterized and a generic data base assembled from the 
findings. These generic USAF process heat applications were 
analyzed for solar thermal technologies utilization* using SERX's 
PROSYS/ECONMAT model in an end-use matching analysis. A separate 
analysis was made for solar ponds. 

The information necessary to the analysis was found to 
be most readily available at the base civil engineer level. 

Current headquarters level energy data bases are generally 
inadequate to detailed assessments of distributed technologies 
in process heat applications. The generic applications set 
relies heavily on base civil engineer estimates. 

In general* solar technologies appear attractive in 
a large number of USAF applications. Positive returns on invest- 
ment of up to 29 percent are projected under conservative assump- 
tions. As expected* low temperati;re applications at sites with 
high insolation and high fuel costs are most attractive. All 
sites analyzed showed some applications with a positive payback 
potential. 

No one solar thermal technology emerges as a clearly uni- 
versal or preferred technology. Solar ponds* though requiring 
further research* offer a potentially high payoff in a few* 
selected applications. Troughs and flat plate systems are predicf:ed 
cost effective now in a large number of applications. PFDR 
systems also show positive returns on investment and a near-term 
potential for cost reduction. Towers were not separately assessed. 

A second phase of this study will yield five case studies 
of specific applications for solar thermal technologies. 
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INTRODUCTION 

It is a atatad DOD and USAF objactive to raduca tha dapendance 
of military installations on fossil fuals by promoting tha use 
of more abundant resources where liquid hydrocarbons and natural 
gas are now usadt Concerns for energy availability and rising 
energy prices have led to the establishment by the Engineering and 
Services Laboratory (ESL) of a goal of replacing 10 percent of 
current facilities* energy consumption with alternative fuels and 
1 percent with solar and geothermal resources by 1985. 

The major consumption of fossil fuels by USAF installations is 
to produce heat. If USAF facilities' energy goals are to be met, 
emphasis must therefore be placed on the test, evaluation and 
utilization of renewable energy systems to provide process heat and 
space heating. Of these two areas, the more critical to USAF 
mission accomplishment is that of process heat generation. 

In recent years, the Jet Propulsion Laboratory has been actively 
pursuing the development of solar thermal technologies to meet 
process heat loads. Under the sponsorship of the Department of 
Energy, JPL is responsible for the development of parabolic dish 
and solar pond technologies, while Sandia Laboratories is respon- 
sible for the development of parabolic troughs and central receiver 
systems. 

In early 1980, JPL was developing a Thermal System Engineering 
Experiment to test and evaluate point focussing distributed energy 
systems in the industrial sector. The experiment manager, Mr. 

Steve Bluhm, proposed a cooperative program directed toward meeting 
USAF/ESL energy objectives through the application of JPL-sponsored 
technology. What was proposed was a four phase effort, consisting of 

1) USAF Applications Analysis and System Requirements Definition 

2) System Design and USAF Site Selection 

3) Construction and Test of an Engineering Prototype 

4) Installation and Operatioral Evaluation of a System in a 
Selected USAF Application. 

The value of a cooperative program was recognized by USAF/ESL. 
They expanded the scope of the effort to define tely include a 
consideration of solar thermal systems in general, in the first 
task: of the analysis. ESL then provided funds for the performance 
of an analysis of USAF process heat applications for solar thermal 
energy systems. 
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In September 1980, a contract was awarded to Applied Concepts 
Corporation for the performance of the analytical task* Applied 
Concepts brought to the task a strong background in both USAF 
energy requirements (its principals having prepared the U&AF/ESL 
Facilities Energy R £» D Plan in 1979), an^ in technology applications. 

The Applications Analysis and Systems Requirement Definition was 
organized into two tasks* The first, which was labelled **USAF 
Thermal Applications Overview," was designed to meet two program 
objectives! 

1) To characterize and categorize USAF process heat applica- 
tions in terms appropriate for assessing solar thermal technologies. 

2) To evaluate USAF process heat applications for solar thermal 
teclmologies ' utilization based on their potentials for operational 
effectiveness, cost effectiveness and fuel displacement. 

The second, titled, "USAF Thermal Applications Case Studies" 
will meet the third program objective! 

3) To select specific USAF sites for near term (FY 1981-1986) 
operational test and evaluation of solar thermal technologies. 

The program approach was established to maximize limited 
program resources, which were small relative to the potential scope 
of the problem, and the uncertainty which was recognized in the 
level of availability of detailed information on USAF applications. 

The contractor was directed to make maximum use of existing USAF 
data in establishing and characterizing USAF process heat applica- 
tions. The available information would be augmented and validated 
by field visits to six USAF basei^* From the information thus obtained, 
the project team would develop a set of generic USAF IPH applica- 
tions and analyze the attractiveness of solar thermal technologies 
against this application set. Clearly, the precise methods for selec- 
tion and analysis had to depend on the nature and vitality of the 
data as found to be available in the literature and in the field. 

The reason for the uncertainty to the research is inherent 
to the nature of the new technologies. Conventional fuel burning 
systems tend to be standard and centralized in their operation and 
in their management. Efficiency of operation and efficiency of 
ccntrol tend to be maximized with centralization. Thus^ fuel can 
be shipped to fewer points. Support staff and record keeping can 
be minimized. A single, low cost plant design can be mass produced 
and shipped to meet many needs over a range of temperatures. 

Since fuels burn at several thousand degrees, heat can be produced 
and transported at any temperature above the highest required for 
process operation, and then stepped down through a heat exchanger 
for all other applications. Since fuel was cheap the inefficiencies 
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introducAd by this mpproach vara vary small in thair Impact. 

Solar tachnologias ara diffarant. Bacausa energy output is a 
function of collactor araa and of availabla sunlight* aach system 
must be individually sized to the application and the load, ^rhis 
seaming disadvantage is offset by the inherent modularity of the 
technology* by its potential for dispersed operation* and by the 
efficiencies of precise systsm sizing and minimi zi*'ti on of trans- 
mission losses. The point is that different types of information* 
gmerally mere precise in detail and broader in scope* are needed 
to assess the feasibility of solar technologies than have typically 
been maintained by energy managers. 

This fact need not be seen as an additional burden imposed 
by solar technologies. The rising value of consolation — vhich 
is generally a prerequisite to the effective utilization of solar 
energy — imposes similar demzmds on fossil fuel energy system 
management. Conservation measures are* like solar applicatims* 
site dependent. The^ r evaluation requires new and more detailed 
information than we have been used to gathering. At this point in 
the state of the art of energy management* information management 
which benefit** one area is likely to benefit both. 

This technical report presents the results of research for 
Task I* "USAF Thermal Applications Overview." That task was 
divided by the contractual statement of work into three subtasks* 
which are summarized herei 

1) Analyze USAF/ESL Applications Data Base 

a) Establish variables for analysis 

b) Examine the data base 

c) Recommend additions to the data base 

2) Field Validate and Correlate USAF/ESL Data Base 

a) Perform six on-site analyses at specified facilities 
(Tinker* Robins* Lowry, MacDill* Eglin, March AFBs) 

b) Generate a special data base from observations 

3) Categorize USAF Process Heat Applications and Compare to 

Solar Thermal Technologies 

a) Identify key factors for generic categorization 

b) Tabulate the applications 

c) Establish criteria for comparing applications to 
technologies 

The following chapter presents the results of this work. 
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TECHNICAL DISCUSSION 


1 . Gonsral 

The research and its findings may be best reported in two 
segments. The first is the characterization of USAF process 
heat applications. This includes the supporting research into 
the vitality of the data base which was prerequisite to the 
analysis. The second is the comparison of the USAF applications, 
as determined, to solar thermal technologies. This latter step 
will yield the desired product of this research task, a generic 
evaluation of solar technologies in USAF process heat applications. 


2. USAF Process Heat Applications 
a. Analytical Method 

A four step methodology was established as most appro- 
priate for the problem of characterizing USAF process heat appli- 
cations for generic analysis. The most important factor to the 
selection of the approach was the fact that the general vitality 
of existing USAF data for answering the problem was only vaguely 
understood by either the contractor or ESL at the inception of 
the research. 

Figure 2-1 presents a summary of the analytical method. 
Since the exact nature of available information on USAF applica- 
tions was unknown, this approach depends on first defining what 
information one must have, and then seeking that information among 
elements of existing data sets. Figure 2-2 presents the list of 
data elements necessary and desirable for an analysis of solar 
technologies in USAF applications. The minimum information 
described will support a generic anol'^sis, as was contemplated 
for this task. The desirable information will support specific 
analyses of specific applications, as is eventually desirable for 
USAF energy management. This is also the level of detail required 
for analysis of selected applications in the second phase of this 
research. 

Once the data necessary to the research was established, 
the research team could pulse the existing USAF information system 
to determine the availability of the data. The study team visited 
USAF /ESL and HQS USAFLC to establish the availability of infor- 
mation at headquarter levels. In addition, telephone conversa- 
tions were held with USAFSC and several offices at the Department 
of the Air Force level. 
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To th« oxtont that aummary data vara availabl* for an 
anaiyais (a aituation which vaa not ganaraily anticlpatad ) , it 
would ha concaptually poaaibla to maka a ganaric analyiis which 
waa almply a aummary of all apaciflc applicationa. If partial* 
but valuabla information wara found axiating at haadquartars 
lavala* profaaaional aatimataa might maka poaaibla a aolid 
ganaric analyaia with a high laval of confidanca. 

Hhanavar aummary information was lacking at tha haad- 
quartars lavals* basa civil anginaor maintained information could 
be uaad and axtrapolatad* Tha rasaarch taeun and ESL anticipated 
a low laval of haadquartara* information on decentralized ajppli- 
cationa* and therefore achadulad a visit to six selected bases 
from the beginning of the project. Least in order of preference, 
but high in order of potential payoff, tha site visits could 
yield productive professional estimates to fill in any remaining 
gaps in the data base. 

The selection of the final methodology for comparing 
solar technologies to -’SAP applications would depend on the vitality 
of the existing data ft»ases as found during the data base analyses. 

As an interactive step, a special data set for the analysis must 
then be assembled for performing the generic applications analysis 
using the selected methodology. 

The End Use Matching Method which was used to compare 
USAF applications with solar technologies is described in section 
3, below. The following subsections describe the availability of 
information as determined by research, present the USAF process 
heat applicaticsis which were identified, describe the generic 
data base which was defined for use with the End Use Matching analysis, 
and review the general findings of this phase of research. 

b. Availability of Information 

The types of information required for assessing USAF 
process heat applications are summarized in Figure 2-3. The 
figure also indicates the general level of availability of infor- 
mation at headquarters levels and on base. A check indicates 
that solid information is generally available. An E indicates that 
the resources exist for a reasonable professional estimate. A 
blank indicates a general lack of specific information for analysis 
or for making useable estimates. The specific sources of data 
are summarized in Figure 2-4. 

As indicated by the first entry on Figure 2-3, there is 
no application-by-application inventory of process heat uses avail- 
?!i>le at headquarters levels. The best, generally available, 
data base for this item is the Real Property Inventory Detail List 
which lists facilities and heat plants. It is sometimes possible 
to estimate applications from this data base, but generally this 
is not a reliable method. The study team had hoped to be able to 
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use this technique to extrapolate results of the site visits USAF- 
wide» but the vigor of the data base vas simply inadequate to the 
task. 

f 

The major need in either assessing or designing a solar 
thermal energy plant is for characterizing the load. For a 
complete analysis* this implies historic load profiles* energy 
2 md mass balance information* and energy input variation toler- 
ances in addition to the minimum information of process tempera- 
ture* fluid used* duty cycle and heat rate, virtually none of 
this information is available at headquarters levels. Not all of 
it is available at the base level. 

Base civil engineers and process heat users have sound 
data on process temperature* fluid* and duty cycle. Only 
rarely does measured information exist on heat rate. In some 
cases* special studies were available with calculated estimates 
of process heat rate. In others* sound estimates could be made. 

Only for central heat plants was measured heat output generally 
available. There was no reliable* precise data* however* on 
transmission losses or the heat consumption of individual appli- 
cations which drew heat from the central plant. This lack of 
metered or other empirical data on USAF process heat applications 
represents the largest single barrier to USAF assessment of solar 
energy options. 

Heat plants are generally well characterized and suffi- 
cient information exists on base to permit existing plants to be 
assessed for solar back-up and plant integration. Some of this 
information has been passed to ESL in the form of responses to 
special surveys. Limited information is contained in the Real 
Property Inventory Detail List. 

Fuel consumption of heat plants must often be estimated. 
Large central plants are typically metered* but smaller boilers 
may not be.. Current USAF metering programs are beginning to make 
a difference here* but the historical pattern* which still is 
typical* is for bases to have a single meter for billing from 
the supplier plus subsidiary meters for billing tenant organizations. 
Sometimes these bills are based on estimates* however. 

Fuel prices are available at the base level and are 
Reported upwards. Operation and maintenance costs in support of 
energy systems are not well understood* however. Current reporting 
does not distinguish between repairs and maintenance to the energy 
subsystem and those to the application. Interviews with Base 
Civil Engineer (BCE) personnel can often provide the basis for esti- 
mating 0 & M costs. For the purposes of this analysis* general 
values were asstaned for 0 & M expenses. 
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Site availability ia not readily determined from map 
analysis. Tlie project team tested this approach and found that 
the information included on BCE maps was generally insufficient 
to accurately predict site suitability. BCE personnel can quickly 
and readily suggest appropriate /iites for ground mounted installa- 
tion. Roof areas and height restrictions are also quickly identi- 
fiable* but the study team found that load-bearing capacities 
for the roofs of facilities were not generally known. Special 
research or engineering assessments will be necessary to establish 
the feasibility of roof mounting in many cases. 

It is worth noting at this point that the information re- 
quired to assess solar applications in detail is extraordinarily 
site specific. Therefore* the maximum availability of information 
to support these assessments is on base. The project team found 
a general interest among BCE personnel in solar thermal tech- 
nologies* and a general competence to acquire and apply knowledge 
of these systems. Access to information* however* is limited. 
Headquarters staffs are much more aware of the state of the art* 
which is one necessary element to evaluating solar applications* 
while BCE staffs are much more aware of the site specific appli- 
cations information which is also necessary. 

c. Applications 

USAF process heat applications were identified and charac- 
terised at six selected USAF bases* with the invaluable assistance 
of the base civil engineers. Base and user staff knowledge* 
together with professional estimates of the project team* proved 
to be the major useful source of information for load characteri- 
zation* current system O&M costs* site availability* duty cycle* 
mission criticality, and heat plant characterization. 

In a few cases* special studies and energy audits were of 
help in characterizing loads and heat plants. Base Civil Engineer- 
ing cost accounting records were the major source for fuel consump- 
tion* fuel price* and water consumption data. 

There was an unanticipated difficulty in defining a process 
heat load as distinct from a space heating load. The principal 
methodological distinction has to do with load variation. Process 
heat systems are those which tend to have a duty cycle which is 
insensitive to season. Space conditioning tends to have a duty 
cycle which is highly seasonal. These distinctions seem less 
important when all loads are served by a central plant. Perspec- 
tives also varied according to the perceptions and missions of each 
base civil engineering staff. 

In the end* the study team chose to have each individual 
BCE staff nominate applications which it found to be process heat* 
for whatever reason* with the guidance that the use must be 
mission related. The study team then excluded uses which were 
highly seasonal (winter load > 3 times summer load)* or highly 
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impractical (saverc site restrictions for a unique application). 

We considereS, but finally excluded very high temperature applica- 
tions vhich utilize electric resistance heat. Given the need for 
a conventional bacK-up or storage system, these applications are 
best treated as solar electric applications. Since all such appli- 
cations which we found, were grid connected, there was no inherent 
justification for special treatment of these limited applications. 

Figure 2-5 presents the applications which were identified, 
by base. Given the limitations of the data base and the variations 
in reliability due to different BCE approaches and abilities, the 
information in the tables should not be taken as definitive. It is 
also likely that certain specific applications have been overlooked. 
This data base, therefore, should not be taken as more than a tenta- 
tive basis for specific system evaluation. 

The data base is extremely valuable, on the other hand, as 
a basis for generic application analysis which is the goal of this 
research. As far as we know, it is unique. Until a more rigorous 
data base can be assembled from actual data and an integrated 
reporting system, this information should be of value to analysts. 

It should be noted that several of the identified applica- 
tions are competing uses. This is the case where process heat 
systems are served by central steam plants. In these cases, USAF 
is faced with two strategies. Solar thermal systems may be used to 
displace fuel by direct insertion of steam into the existing 
distribution system. Or systems may be designed to meet individual 
end-use loads with the central steam plant serving as a back-up for 
hours of non-insolation. 

There is a trade-off involved here which is modeled, in 
part, in section 3. Solar energy systems are most efficient when 
temperature is matched to the load. Most USAF process heat end 
uses are low temperature (il80°F.). Most USAF steam plants are 
high temperature (300-350*^). By using solar ener^ systems at 
the load, first cost of the energy system can be minimized. Because 
the current heat exchange system is engineered for 300-350® steam, 
however, this may require additional capital investment in new heat 
exchange equipment. Moreover, at soma location space is limited at 
the process site, although land may exist along the site of distrib- 
ution lines. 

When the steam insertion option is chosen, the first cost 
of solar equipment will typically increase, but maximum use may 
be made of the existing capital investment in a conventional system 
for solar back up. The optimum choice will be site dependent. 

The site dependence of solar thermal systems has been 
referred to before. Obviously, each Air Force Base has a unique 
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Figure 2-5d 
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Figure 2-5e 



LOWRY AFB - APPLICATIONS 
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MACDILL AFB - APPLICATIONS 
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Figure 2-5g 



ROBINS AFB - APPLICATIONS 
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combination of faotora which will d«tcrmin« apwcific application 
fwatibility. Y«t, som* ganaral pattarnf amcrgod from our lix 
sit« visiti which b«ar rtporting h«rai Figurw 2-6 praiants thwsw 
obsarvations. 

In ganaral, USAI' bases have good sits rssourcss . Thsrs 
is usually empty land available, and often large, unused roof 
space. Occasionally runway height restrictions prohibit use of 
a specific roof or land area, but this is not generally a problem. 
More commonly, there is a mismatch between the location of the 
application and that of available land. 

The working areas of AFBs tend to be densely built up 
over an area relatively small to land resources. Other areas lie 
vacant. This is especially noticeable at a base such as Eglin 
AFB which has literally square miles of unused land and a dense 
central base area. In part this phenomenon is due to the need for 
access to taxiways so that aircraft can be brought up to the work 
areas. In part is is due to the existence of central heat plants 
and the consequent clustering off heat uses to minimize heat trans- 
port distances. For new facilities construction, distributed 
energy systems may provide opportunities to decrease congestion. 

For retrofit energy plants, peripheral location with heat 
transport, often using existing steam or condensate lines for 
part or all of the distribution, is one option. The other is roof 
mounting. (Notei Some bases have land available next to applica- 
tion sites now.) Many bases have vast and adequate roof spaces 
at application sites. However, roof load capabilities were not 
immediately available at any site for which they were sought. The 
actual feasibility of roof mounting will have to be determined for 
each specific site. 

Two special questions have to be resolved for most USAF 
applications. The possibility of reflected light from collectors 
being a nuisance or hazard to flight operations has not been 
rigorously assessed, although the operati>?m of flat plate collec- 
tors at Robins AFB and of the power tower at Kirtland AFB indicate 
this may not be a problem. The question of solar ponds attracting 
water fowl has been raised but as of this date not definitely 
answered. We assume that the high salt concentrations and tempera- 
ture gradients would not be an attractive environment, but no one 
has yet positively verified this assumption. 
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Figure 2-6 
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d. The Generic Applications 

Given the types and nature of data available* Applied 
Concepts selected for the analysis of solar thermal systems in 
USAF applications an end use matching methodology which has been 
developed by SERI. This was the first utilization of this state- 
of-the-art computer model by an agency external to SERI. The 
help and interest of the staff of SERI *s Industrial Applications 
and Policy Branch was invaluable in the performance of the evalua- 
tion. The model is described in Section 3* below. 

For input to the model* it was necessary to design a 
»ecial* generic application data base to represent USAF applica- 
tions at different locations. Accordingly* the project team defined 
the generic applications presented in Figure 2-7. These were 
selected to generically incorporate the range of observed USAF 
applications. 

The first group of two represent water preheat applica- 
tions. They can also stand for water heating where there is no 
waste water return. These applications are identified by the pre- 
fix 100* i.e. 101* 102* in later tables. The last group of two 
(401* 402) represent indirect hot water conversion. The lower 
efficiency of fuel utilization was selected to represent trans- 
mission and heat exchange losses in a central steam back-up 
system. 

The largest group of applications (201-212) represent 
steam insertion at various quantified output temperatures into an 
existing central boiler distribution system. The remaining group 
(301- J04) represents the utilization of process steam at the point 
of application in various quantifies* with and without condensate 
return . 


Figure 2-8 graphically depicts the relationship between 
the observed applications and the generic application set. The 
empty sets (203* 9j 204* 10 j and 206* 12) represent temperature 
ranges which were not observed at the six bases visited* but which 
may be likely variants at other locations. 

e. General Findings 

Figure 2-9 presents a summary chart of USAF applications 
as determined during the six site visits. The generic data base 
presented in figure 2-7 is the major input to the applications/ 
technology comparison which is the objective of the generic 
analysis task. The extensive information gathered on specific 
applications at the six bases visited will be valuable in Task 2* 
forming one basis for the selection of fin.^e specific applications 
for case study. 



25 


Figure 2—7 
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Figure 2-9 
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The major findings of this task, therefore, are transi- 
tive, the inputs to further work. However, it is important to 
make USAF aware of the collateral findings regarding the avail- 
ability of data for further assessments of renewable energy 
systems, and of the inplications for energy program management 
which the current situation poses. 

The essence of the situation is thisi Because current, 
headquarters' level data and reporting has evolved to meet the 
needs of a centralized and fossil fuel utilization perspective, 
there exists no headquarters* level information system which can 
be directly utilized to analyze process heat applications for 
solar energy systems. The lack of an appropriate information 
base limits headquarters' abilities to assess the feasibility of 
new technologies. It also tends to inhibit new or creative 
approaches to energy conservation. Even EMCS programs, as 
currently structured, are primarily designed to improve upon the 
status quo, without yielding information which is applicable to 
assessing alternative solutions to conservation problems. 

There does exist a large amount of information at the 
base civil engineering and user level. There is, however, a 
great variation among bases and among applications as to the 
quality and quantity of this information. It is sometimes diffi- 
cult to assess the reliability of the data which does exist. 

Much of the information which is available is in the form 
of estimates or special studies. It is ^ hoc in its availability. 
It is not the result of institutionalized planning. There is 
clearly a gap between the information needed for solar energy 
planning and the information which is readily available to USAF 
decision makers and planners. 

The quantity of information, and the site specificity 
required for solar assessment thus impose different requirements 
on energy information management than did conventional technolo- 
gies. These requirements are similar to those imposed by other 
renewable energy systems and by conservation planning. To address 
the mismatch between the planning function and the availability 
of information, either massive amounts of information must be 
transferred to the headquarters' or planning levels or certain 
planning functions must be transferred, to the base level. 

The major barrier on the local base level to accurate 
analysis is the general lack of empirical, measured data on energy 
consumption. For further assessments and for specific application 
analyses, hard, historical data is desirable on process fuel 
consumption, heat production and heat losses to permit energy and 
mass balance equations. The USAF metering program, which has 
heretofore concentrated on metering buildings or boilers only, needs 
to be reconsidered to help yield this information for planning. 
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3. Technology/Applications Assessment 
a . Overview 

SERI*s PROSYS/ECONMAT model was selected as the analyti- 
cal tool to assess alternative solar process heat technologies in 
the generic applications. This model was selected by the project 
team because, of all such models of which we are aware, it best 
meets the following criteriai 

e Available to outside users 

e State-of-the-art 

e Comparability of results 

e Flexible - Capable of performing generic end-use 
matching as well as detailed case studies 

e Includes most solar thermal technologies 

e Covers all of CONUS 

The PROSYS/ECONMAT model has two basic parts— PROSYS and 
ECONMAT, PROSYS predicts solar system performance in meeting 
process temperature and heat rate requirements at a specific site. 
ECONMAT evaluates the economic attractiveness of solar process 
heat in the specified applications. The model provides for exten- 
sive user input, thus allowing a customized analysis. Prespecified 
default values for most input parameters are also provided. The 
default values are reasonable, benchmark estimates based upon 
SERI’S long experience in analyzing solar process heat systems as 
mZi as results of DOE-supported field tests. The model has 
extitnsive built-in data bases, including: 

• Insolation data on 231 sites in the U.S. 

• Performance and cost data on 16 commercially 
available systems 

• State average labor rates and fuel prices 

• Cost factors for auxiliary and interface materials 
and labor 

PROSYS/ECONMAT utilizes the Rabl and Collares-Pereira 
approach to calculate the energy delivered to the process by the 
solar system, and the Dickenson-Brown approach for the economic 
analysis. It provides for a "transparent" analysis — incremental 
output of subroutines and vari ns model segments is available to 
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the user. Most importantly for this study, PROSYS/ECONMAT 
provides a uniform comparison of alternative systems and ?;:^plica- 
tions, at alternative sites. 

The model does have some limitations which should be Kept 
in mind when interpreting the results. All solar systems are 
sized to meet the minimum average hourly process load. The solar 
system's peaK output will just equal the application's minimum 
process load. Thus, all energy produced by the solar system 
during the process duty cycle is assumed to be used. Also, 100% 
conventional fuel backup is assumed— there is no consideration 
of storage. Collector operating temperature is assumed to be 
constant. The models can be used for flat plates, evacuated tubes, 
parabolic dishes, and parabolic troughs, but not for solar ponds 
or power towers. Solar ponds were analyzed separately by the 
project team (the results are presented later in this report) 
based on technical and cost data provided by JPL. System compo- 
nents and costs are not explicitly modeled. Rather, the model 
uses efficiency factors and cost coefficients to estimate the 
costs of auxiliary collector materials, interface materials and 
labor, freight, construction overhead, and other miscellaneous 
costs. While the PROSYS/ECONMAT model is an attractive feasibility 
analysis tool, it is too generalized, even with extensive user 
input, to be used as a detailed design tool. Finally, the reader 
should be aware that, although the basic PROSYS and ECONMAT esti- 
mation algorithms have been previously published and widely used, 
its output has not been compared with other such models outside 
SERI. 


In order to run PROSYS/ECONMAT, the user must first char- 
acterize the applications to be analyzed and identify the site or 
sites at which each is located. Five main application parameters 
must be specified: 

• Temperature • Heat rate • Duty cycle 
• Fuel type • Fuel price 

The input data on applications used in this analysis was 
given in Figure 2-2. 

The user then specifies the economic scenerio and selects 
the solar hardware to be analyzed in each application. The user 
may employ the default values that are stored within the model or 
overide them with his own values. Figure 3-1 presents the model 
inputs with the values used in this analysis given in parentheses. 
Figure 3-2 compares the costs of the different systems that were 
analyzed. For flat plates and evacuated tubes, the least and most 
costly systems in the data base were analyzed. For parabolic troughs, 
the least expensive, most expensive, and a mid-range cost system 
were analyzed. Reliable cost estimates were available for only one 
parabolic disn. Model outputs are described in Figure 3-3. 
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PROSYS/ECONMAT OUTPUTS 

FOR EACH SITE, APPLICATION, AND SYSTEM COMBINATION: 
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Figure 3-3 
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b. Findings 

Figures 3-4 and 3-5 summarize the findings from all the 
bases. For each baser the system with the highest return on 
investment (R.O.I.) has been selected for each application. The 
reader is cautioned that R.O.I. is undiscount wd and thus represents 
the discount rate at which the net present value would be equal 
to zero. From these figures it becomes evident that return on 
investment is generally highest at those bases with the most 
favorable solar climate. Kirtland, McClellan, March, and Hill 
are among the most attractive bases regardless of whether the 
backup fuel is natural gas or fuel oil. This is so even though 
natural gas prices vary considerably across these bases (from 
12.06/WilBtu at Hill to $4.34/t4ilBtu at Kirtland. 

Nevertheless, return on investment is very sensitive to 
differences in fuel costs. With natural gas backup, which varies 
substantially in price across bases, the difference in R.O.I. 
across bases is much greater than with fuel oil, whose price 
varies little across USAF bases. The case of MacDill offers 
a good example of the importance of backup fuel prices. It has 
only a moderately attractive solar climate but the highest natural 
gas price of any base analyzed. It ranks third in attractiveness 
for mid- temperature applications and second for low temperature 
applications. The MacDill example also illustrates the finding 
that a base may have a greater relative "advantage” in either 
direct normal or total radiation. Figure 3-6 compares insolation 
and fuel prices at the 10 bases analyzed. 

Figures 3-4 and 3’ *5 also show that, regardless of the base 
or backup fuel, low temperature applications (lOl and 102) offer 
substantially higher return on investment than mid-temperature 
applications. The reader should keep in mind, however, that due 
to ongoing R&D, the near-term potential for further increases in 
return on investment is with mid-temperature applications, The 
reader is also cautioned that, due to the compounding effect, 
small differences in percentage return on investment can translate 
into very large dollar differences. 

Figures 3-7 and 3-8 summarize for Tinker the R.O.I. of 
different types of systems produced by different manufacturers 
As expected, flat plates and evacuated tubes tend to be relatively 
more attractive for low temperature applications, and troughs and 
dishes tend to be more attractive for mid-temperature applications. 
Flat plates show a clear advantage over all other systems for 
boiler feedwater preheat. Dishes and troughs offer higher R.O. I. 
over more applications, however. The highest ranked parabolic trough 
is consistently the best system at current production prices. The 
only parabolic dish for which reliable cost and performance values 
were available ranked above other troughs, even though prototype 
prices were used. 
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Figure 
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It was also found that H.O.I. estimates vary significantly 
by technology and manufacturer. This is due to different costs 
and efficiencies of the different systems. We believe this is a 
Key finding of the research, and points out the necessity for USAF 
to closely assess any system/application configuration before 
making a purchase decision. It also means that even if USAF 
should decide to select one technology for widespread use, it must 
still take great care in selecting the manufacturer(s) . The 
previous caveat regarding systems costs is repeated here. Systems 
costs used in the analysis are based upon currently quoted prices 
of systems which have been fielded. This "penalizes” systems just 
entering the marketplace which may be able to significantly reduce 
costs in the future. For example, the project team was recently 
informed that in lot sizes of 500 or more the parabolic dish which 
was analyzed would sell for less than half the price used in the 
analysis. This would almost certainly make it the top ranked 
system for mid-temperature applications. The lesson for USAF 
is clear. It must continue to track the development and costs of 
solar process heat hardware if it is to make informed investment 
decisions in this area. 

It was also found that solar process heat is almost twice 
as attractive to USAF as opposed to private firms. The factors 
which tend to make solar systems more attractive to private firms, 
such as depreciation and solar and investment tax credits, are 
more than offset by thn fact that private firms expense fossil 
fuel costs. They effectively pass on (to government) a percentage 
of the cost equal to their effective combined federal and state margin- 
al tax rate. Figure 3-9 presents a comparison of project net 
present value at Tinker AFB and a private firm in Oklahoma City 
with identical fuel oil costs. R.O.I. would also be substantially 
higher for USAF than the private firm. 

While the overall economic attractiveness of solar systems 
is much greater for USAF thin private firms, USAF's payback period 
is longer. Private firms accelerate their return on investment 
by taking tax credits immediately, by depreciating the solar system 
over 7 years, and by using accelerated depreciation. Figure 3- lO 
depicts payback periods under the same scenario as Figure 3-9. 

Figure 3-11 compares conceptually the flow of savings from a solar 
energy investment fibr USAF and a private firm. 
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As a summary of results, Figures 3-l2a-d present compari- 
sons of solar thermal systems' performance costs, and returns on 
investment at six bases in different insolation areas. Figure 3-13 
provides information on the percent of load which the optimum 
solar energy system will displace under the baseline assumptions. 

These vary from 11 to 22 percent on a 24 hour 7 day per week basis. 

As a first approximation, percentage of fuel diplaced for one shift 
operation will be somewhat less than three times the tabulated 
value. A five day per week duty cycle would modify the value by a 
factor of about 71 percent. 

c. Solar Pond Analysis 

The project team also conducted a brief analysis of solar pond 
feasibility for application #101, boiler feedwater preheat — at 
Kirtland, Tinker, and Wright-Patterson. These represent a high, 
medium, and low ranked base in terms of solar climate. Ponds were 
sized to meet the entire process load — 52,560 MilBTU per year. 
Neither O&M costs (probably small) nor the capital cost savings of 
fossil fuel plant and equipment displacement were considered. Cost 
factors and efficiencies were based on information provided by JPL. 

A discounted cash flow analysis was performed. The reader is 
cautioned that this analysis was based on a 1980 start date, as 
opposed to a 1963 start date in the SERI model. Thus, caution must 
be exercised in making comparisons between the findings. The 
results are presented in Figure 3-14, 

It was found that solar ponds offer potentially attractive 
returns at all three bases. R.O.I, 's under a fuel displacement 
scenerio were 21%, 18% and 17%, respectively. Under a natural gas 
scenerio, the percentages were 17%, 12% and 11%, respectively. 

Solar ponds at all bases and for both fuel oil and natural 
gas displacement, exhibit shorter payback periods than with flat 
plates. This is due to the fact that the initial investment, 
although higher than for flat plates, displaces 100% of the energy 
requirement. As a comparison, flat plate systems at Wright-Patterson 
and Kirtland displace only 11518% of the fossil fuel, respectively. 
Annual R.O.I, 's on the two systems are roughly comparable. 
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Figure 3-l2a 
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Figure 3-12b 













COMRVRISON OF SOIAR SYSTEMS* COST AND PERFORMANCE 
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Figure 3-l2c 





COMPARISON OF SOLAR SYSTEMS* COST AND PERFORMANCE 
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Figure 3-1 2d 
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Figure 3-13 



SOLAR POND ANALYSIS 

GENERIC APPLICATION tlOI; 52,560 MilBTUAr; DISCOUNT RATE 
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CONCLUSIONS 


1. A generic analysis indicates that solar process heat 
investments, if carefully made, make good economic sense to USAF. 

The Air Force has a large number of low temperature applications 
which are iiranediately i^^ttractive. According to the baseline assess- 
ments, returns on investment of 19-29% can be realized in high 
insolation areas using the most favorable solar technology in ]ov 
temperature applications over a 20 year life time. Even in low 
insolation areas, ROIs of 4-14% are projected. 

2. The actual budgetary dollar savings to USAF are predicted 
to be very large, approximately double that of the private sector 
which realizes tax benefits by expensing fuels. 

3. Many mid-temperature applications also show attractive 
returns on investment. Negative ROIs are found only in low inso- 
lation areas and areas where fuels are still relatively cheap. 

In medium to high insolation areas, ROIs of 10%-20% are projected 
compared to fuel oil, and 4-15% compared to natural gas. 

4. There is no single favored technology option. Solar ponds 
look extremely attractive for boiler preheat loads. According to 
a separate analysis ROIs are on the order of 11-21 percent and 
payback periods are 4-17 years. On the other hand, this is not 
yet a proven technology and values are more speculative. 

Similarly, point focussing dishes as sponsored by JPL show 
a great promise for near-term (1-3 years) price reduction and thus 
a dramatic increase in ROI. Currently, parabolic troughs are 
better known, better characterized, and more cost effective. The 
situation is extremely dynamic, however, and should be continuously 
monitored. 

USAF will benefit from experience in the near term with 
all types of solar thermal process heat systems. Flat plate and 
parabolic troughs can be used and operationally evaluated for 
procurement as technology demonstration systems. Ponds and dishes 
can be the object of technology applications development programs 
for longer term assessment. 

5. The reduction of risk to USAF and the external social 
benefits of solar energy systems represent additional, unquanti- 
fied cost savings. 

6. Most conceivable alterations to the baseline analysis 
make generic solar IPH more favorable. 
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7. Site-specific factors will often inhibit solar retrofit 
applications. The existing capital investment in mid-temperature 
central boiler may impose a strategy of direct steam insertion 

at lower solar efficiencies. The distance between the load and 
available land may have a similar impact. The lack of metered 
data on load profiles and of data on roof load tolerances will 
also inhibit progress through the additional tasks they impose 
prerequisite to a solar system design. 

8. The USAF applications with the highest potential returns on 
investment are those 

a) On bases with the best solar climate 

b) Where backup fuel is most expensive 

c) In low to low-mid temperature applications 

d) At the application, wherever possible. 

These factors should be considered in Task 2. 

9. The major barrier to USAF's utilization of solar thermal 
process heat systems may be USAF's institutional base for managing 
change. Current planning and information management has evolved 
to meet the problems imposed by conventional technology. Data 
necessary to exploit alternative technologias is not reported and 
is therefore unavailable. 

Base civil engineering expertise and knowledge of site 
specific factors is essential to characterize applications for 
site specific technologies but base engineers have little insti- 
tutionalized, active role in planning. Decentralized technologies 
may require decentralized planning. 

Process metering is essential to planning for solar appli- 
cation. This type of activity should be incorporated into USAF 
metering and energy monitoring and control programs. 

10. Because the SERI PROSYS data base did not include infor- 
mation on power towers, analytical results are not available here. 
The applications for these systems (201-206 and multiples) are 
central steam plants. According to SERI, site factors are so 
predominant in projecting system feasibility that generic analysis 
is inappropriate. We believe that, as a first approximation, 
where trough or dish systems indicate a generic applicability for 
central plant applications, towers are worthy of detailed 
analysis as well. However, the construction of central solar 
plants seems to be the least attractive overall near-term strategy 
due to seasonal load variability, the inefficiencies of current 
distribution networks, the congestion at central locations on 
base, and the high first cost of a program that is relatively 
high risk compared to a modular approach, to gaining exper- 
ience with solar thermal heat plants. 
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RECOMMENDATIONS 


1. USAF can benefit from the utilization of solar process 
heat technologies. Potential benefits include both displace- 
ment of fossil fuel consumption and projected budgetary dollar 
savings. Therefore, USAF should attempt to gain operating 
experience with these technologies in the near term. 

2. Because the best generic technology choices are not 
yet Known, and may not be limited to a single technology set, 

USAF should seek diversified experience with a variety of systems 
in different applications and insolation areas. 

3. In order to effectively exploit the value of these 
technologies, USAF must revise its energy information and manage- 
ment activities to incorporate a new technology planning per- 
spective. 

4. USAF should address the problems which decentralized and 
site specific technologies impose on planning, and determine 
where structural changes in responsibilities for planning and 
management may be implied for optimum efficiency and effectiveness. 

5. Solar ponds seem to have a very large payoff potential 
for a limited, but generic set of USAF process heat applications. 
Case studies, should address this potential in detail. The 
technology should be followed closely. Joint experiments in 
this "advanced" technology area have a very high and near term 
payoff. 


6. Current, commercially available, flat plate and parabolic 
trough hardware show reasonable returns on investment to USAF 
for immediate applications. Operational evaluation of these 
systems is warranted. 

7. Parabolic dish systems show a potential for near term 
(1-3 year) price decreases. Joint technology development experi- 
ments can help realize this potential, and consequently signi- 
ficant savings to USAF. 

8. Case study analyses are necessary to extend this generic 
analysis. Solar technologies are site and application specific, 
and site and application analyses are necessary to assess any 
real-world utilization of hardware. Generic analyses can only 
serve as guidelines to evaluate trends and to screen and select 
specific applications for analysis. 
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9. Th« Task II casa studlas of this rasaarch projact should 

aim for divarsity. • Tha tachnical factors to ba considarad in 
selaction arat 

1. Insolation 

2. Fual prica at sita 

3. Intarfaca with currant plant 

4. Tamparatura of and-usa 

In addition* tha activa intarast of BCE personnal is 
crucial to the quality of program rasults. For axample* spacial 
metaring would be extremely helpful* but will require BCE 
participation. BCE participation should be solicited and made 
one criterion for selection. 
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NEM TECHNOU)GY 

No reportable items of new technologies were identified. 
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